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A pixel circuit, a driving method for driving the pixel circuit
and a display device comprising the pixel circuit. The pixel
circuit insulates the electric connection between the drain of
the driving transistor and the organic light-emitting diode by
the insulating transistor when the data is written into the
storage capacitor, and the threshold voltage of the driving
transistor and the data voltage signal are pre-stored by the
storage capacitor, which can compensate the shift in the
threshold voltage effectively and in turn can ensure the
uniformity and stabilization of the driving current. Addi-
tionally, the touch control circuit in the embodiments of the
present disclosure multiplexes the scan signal of the pixel
circuit, and the coupling capacitor in the touch control
circuit is charged through the charging transistor while the
storage capacitor is charged, therefore an integration of the
touch control circuit into the pixel circuit is achieved per-
fectly.
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1
PIXEL CIRCUIT FOR ORGANIC LIGHT
EMITTING DIODE, DRIVING METHOD FOR
PIXEL CIRCUIT AND ACTIVE MATRIX
ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE

TECHNICAL FIELD

The present disclosure relates to the technical field of
organic light-emitting display, and more particularly to a
pixel circuit, a driving method for driving the pixel circuit
and a display device comprising the pixel circuit.

BACKGROUND

As compared with a traditional liquid crystal panel, an
AMOLED (Active Matrix Organic Light Emitting Diode)
panel has characteristics of rapider response speed, higher
contrast, wider angle of view and the like, therefore the
AMOLED has been get an increasing attention of display
device developers.

An Active Organic Light Emitting diode is driven by a
pixel circuit to emit light. A traditional 2T1C pixel circuit is
composed of tow transistors (TFTs) and one capacitor (C),
and as illustrated in FIG. 1, particularly comprises a driving
transistor DTFT, a switching transistor T5' and a storage
capacitor C,,. The switching transistor T5' is controlled by a
scan line signal V,_,,,, and is configured to control inputting
of a data voltage V ,,,,, the driving transistor DTFT is
configured to control the Organic Light-Emitting Diode
(OLED) to emit light, and the storage capacitor C,, is
configured to provide a sustaining voltage for a gate of the
driving transistor DTFT.

FIG. 2 is a driving timing chart of the 2T1C pixel circuit
shown in FIG. 1. An operation process of the 2T1C pixel
circuit is as follows. When the scan signal is at a low level,
the switching transistor T5' is turned on, a gray scale voltage
on a data line charges the storage capacitor C,,, meanwhile
the data voltage V,,,, is applied to the gate of the driving
transistor DTFT, so that the driving transistor DTFT oper-
ates in a saturation state and drives the Organic Light-
Emitting Diode OLED to emit light. When the scan signal is
at a high level, the switching transistor T5' is turned off, the
storage capacitor C,, provides the sustaining voltage to the
gate of the driving transistor DTFT, so that the driving
transistor DTFT is still in the saturation state and the OLED
goes on to emit light.

It can be seen from above that the OLED in the AMOLED
can emit light because it is driven by a driving current
generated by the driving transistor DTFT operating in the
saturation state, and more particularly the driving current
(namely a current flowing through the OLED) can be
represented by 1, zn=K(V, ~IV,, 4l )?, where V,, is a volt-
age difference between the gate and a source of the driving
transistor DTFT, 1V, | is a threshold voltage of the driving
transistor DTFT, and K is a constant associated with a
structure of the driving transistor DTFT per se and the
manufacturing process. Because the uniformity in the
threshold voltages V,, of the transistors is poor in the
existing Low Temperature Poly-Silicon process and the
threshold voltage would shift during a usage process, dif-
ferent threshold voltages of the driving transistors DTFT
would generate different driving currents although the same
data voltage V ,,,, is applied to the driving transistors DTFT,
such that the uniformity in the brightness on the AMOLED
panel is poor.
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Recently, a touch control function has been applied more
widely in various display panels, especially in a mobile
display, and nearly becomes a standard configuration for a
smart phone. In the prior art, a display panel and a Touch
Screen Panel (TSP) are manufactured separately at first, and
then are fixed together. Such process leads to a complex
process and a high cost for the panel to realize both of a
display function and a touch control function, and is helpless
for producing a lighter and thinner touch panel. TST in cell
technique integrates the display function and the touch
control function, and may be accomplished only by one
process instead of two processes, therefore it not only has
advantages such as low cost but also can simplify the
process and make the touch panel be lighter and thinner.
However, no solution is proposed so far regarding how to
integrate a touch control circuit and the pixel circuit per-
fectly.

SUMMARY

An object of the present disclosure is to provide a pixel
circuit capable of compensating the shift in the threshold
voltage of the driving transistor so as to enhance the uni-
formity in brightness of an OLED display panel. Further, in
the present disclosure, a touch control circuit is integrated
into the above pixel circuit perfectly without adding com-
plexity to the circuit structure and its operation.

The present disclosure further aims to provide a driving
method for driving the above pixel circuit and a display
device comprising the above pixel circuit, which can
enhance a display quality of the display device.

According to embodiments of the present disclosure,
there is provided a pixel circuit comprising an electrolumi-
nescent device, a driving transistor, a first switching unit, a
compensating unit, an insulating unit and a storage capaci-
tor.

The first switching unit is configured to control writing of
a data voltage on a data line, a first terminal of the first
switching unit is connected with a first terminal of the
storage capacitor, and a second terminal thereof is connected
with the data line. A second terminal of the storage capacitor
is connected with a gate of the driving transistor and a first
terminal of the compensating unit.

The compensating unit is configured to pre-store a thresh-
old voltage of the driving transistor into the storage capaci-
tor, and a second terminal of the compensating unit is
connected with a drain of the driving transistor. A source of
the driving transistor is connected with a power supply
terminal, and the drain thereof is connected with a first
terminal of the insulation unit.

The insulating unit is configured to insulate an electric
connection between the driving transistor and the electrolu-
minescent device, and a second terminal of the insulating
unit is connected with a first terminal of the electrolumi-
nescent device. A second terminal of the electroluminescent
device is connected with a ground terminal.

In an example, the electroluminescent device is an
Organic Light-Emitting Diode, the first switching unit is first
switching transistor, the compensating unit is a compensat-
ing transistor, and the insulating unit is an insulating tran-
sistor.

A gate of the first switching transistor is connected with
a first scan signal terminal, a source thereof is connected
with the first terminal of the storage capacitor, and a drain
thereof is connected with the data line. The second terminal
of the storage capacitor is connected with the gate of the
driving transistor and a drain of the compensating transistor.
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A gate of the compensating transistor is connected with the
first scan signal terminal, and a source thereof is connected
with the drain of the driving transistor.

The source of the driving transistor is connected with the
power supply terminal, and the drain thereof is connected
with a source of the insulating transistor. A gate of the
insulating transistor is connected with a second control
signal terminal, and a drain thereof is connected with an
anode of the organic light-emitting diode. A cathode of the
organic light-emitting diode is connected with the ground
terminal.

In an example, a second switching transistor is further
comprised; a gate of the second switching transistor is
connected with the first control signal terminal, a source
thereof is connected with the first terminal of the storage
capacitor, and a drain thereof is connected with a reference
voltage terminal.

In an example, the pixel circuit is further connected with
a touch control circuit, and the touch control circuit com-
prises a charging transistor, a coupling capacitor, a sensing
electrode, an amplifying transistor, a third switching tran-
sistor, a second scan signal terminal and a sensing line. A
gate of the charging transistor is connected with a third
control signal terminal, a source thereof is connected with
the second terminal of the storage capacitor, and a drain
thereof is connected with a first terminal of the coupling
capacitor, the sensing electrode and a gate of the amplifying
transistor. A second terminal of the coupling capacitor is
connected with the first control signal terminal. A source of
the amplifying transistor is connected with the power supply
terminal, and a drain thereof is connected with a source of
the third switching transistor. A gate of the third switching
transistor is connected with the second scan signal terminal,
and a drain thereof is connected with the sensing line.

In an example, the third control signal terminal is the first
scan signal terminal.

In an example, all of the transistors have a same channel
type.

According to the embodiments of the present disclosure,
there is further provided a driving method for driving the
above pixel circuit, comprising steps of:

S1, applying a scan signal at the first scan signal terminal
to turn on the first switching transistor and the compensating
transistor, applying control signals at the first control signal
terminal and the second control signal terminal to turn off
the second switching transistor and the insulating transistor,
so that a threshold voltage of the driving transistor and the
data voltage on the data line are written into the storage
capacitor; and

S2, applying a scan signal at the first scan signal terminal
to turn off the first switching transistor and the compensating
transistor, applying control signals at the first control signal
terminal and the second control signal terminal to turn on the
second switching transistor and the insulating transistor, and
driving the organic light-emitting diode to emit light by
using the voltages stored in the storage capacitor.

In an example, before the step S1 , the driving method
further comprises: applying a scan signal at the first scan
signal terminal and applying a control signal at the second
control signal terminal to turn on the first switching tran-
sistor, the compensating transistor, the insulating transistor
and the charging transistor, applying a control signal at the
first control signal terminal and applying a scan signal at the
second scan signal terminal to turn off the second switching
transistor and the third switching transistor, and resetting the
storage capacitor and the coupling capacitor.
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In an example, the step S1 further comprises: turning on
the charging transistor by the scan signal applied at the first
scan signal terminal, applying a scan signal at the second
scan signal terminal to turn off the third switching transistor,
and charging, by the power supply terminal, the coupling
capacitor through the driving transistor and the charging
transistor; the step S2 further comprises: turning off the
charging transistor by the scan signal applied at the first scan
signal terminal, applying a scan signal at the second scan
signal terminal to turn on the third switching transistor, and
monitoring changes in a current on the sensing line.

In the embodiments of the present disclosure, there is
further provided a display device comprising any one of the
above pixel circuits.

The pixel circuit according to the embodiments of the
present disclosure insulates the electric connection between
the drain of the driving transistor and the organic light-
emitting diode by the insulating transistor when the data is
written into the storage capacitor, and the threshold voltage
of the driving transistor and the data voltage signal are
pre-stored by the storage capacitor, which can compensate
the shift in the threshold voltage effectively and in turn can
ensure the uniformity and stabilization of the driving cur-
rent. Additionally, the touch control circuit in the embodi-
ments of the present disclosure multiplexes the scan signal
of the pixel circuit, and the coupling capacitor in the touch
control circuit is charged through the charging transistor
while the storage capacitor is charged, therefore an integra-
tion of the touch control circuit into the pixel circuit is
achieved perfectly without adding complexity to the circuit
structure and its operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exemplary diagram illustrating a structure of
a pixel circuit in the prior art;

FIG. 2 is a driving timing chart of the pixel circuit shown
in FIG. 1;

FIG. 3 is an exemplary block diagram of the pixel circuit
according to an Embodiment 1 of the present disclosure;

FIG. 4 is an exemplary diagram illustrating a structure of
the pixel circuit according to the Embodiment 1 of the
present disclosure;

FIG. 5 is a driving timing chart of the pixel circuit shown
in FIG. 4;

FIG. 6 is an exemplary diagram illustrating an equivalent
circuit of the pixel circuit shown in FIG. 4 in a t; stage;

FIG. 7 is an exemplary diagram illustrating an equivalent
circuit of the pixel circuit shown in FIG. 4 in a t, stage;

FIG. 8 is an exemplary diagram illustrating an equivalent
circuit of the pixel circuit shown in FIG. 4 in a t; stage;

FIG. 9 is an exemplary diagram illustrating an equivalent
circuit of the pixel circuit shown in FIG. 4 in a t, stage;

FIG. 10 is an exemplary diagram illustrating a structure of
the pixel circuit according to the Embodiment 2 of the
present disclosure;

FIG. 11 is a driving timing chart of the pixel circuit shown
in FIG. 10;

FIG. 12 is an exemplary diagram illustrating an equiva-
lent circuit of the pixel circuit shown in FIG. 10 in a t; stage;

FIG. 13 is an exemplary diagram illustrating an equiva-
lent circuit of the pixel circuit shown in FIG. 10 in a t, stage;

FIG. 14 is an exemplary diagram illustrating an equiva-
lent circuit of the pixel circuit shown in FIG. 4 in a t; stage;

FIG. 15 is an exemplary diagram illustrating an equiva-
lent circuit of the pixel circuit shown in FIG. 10 in a t, stage;
and
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FIG. 16 is an exemplary diagram illustrating an equiva-
lent circuit of the pixel circuit shown in FIG. 4 in a t5 stage.

DETAILED DESCRIPTION

Thereafter, implementations of the embodiments of the
present disclosure will be further described in connection
with drawings and embodiments. The following embodi-
ments are only illustrative, instead of being considered as
limiting a scope of the present disclosure.

Embodiment 1

The present embodiment will be described by taking a
pixel circuit structure of a common-cathode organic light-
emitting diode display as an example. The pixel circuit in the
present embodiment is as illustrated in FIG. 3, and com-
prises an electroluminescent device, a driving transistor, a
first switching unit, a compensating unit, an insulating unit
and a storage capacitor. The first switching unit is configured
to control writing of a data voltage on a data line, a first
terminal of the first switching unit is connected with a first
terminal of the storage capacitor, and a second terminal
thereof is connected with the data line. A second terminal of
the storage capacitor is connected with a gate of the driving
transistor and a first terminal of the compensating unit. The
compensating unit is configured to pre-store a threshold
voltage of the driving transistor into the storage capacitor,
and a second terminal of the compensating unit is connected
with a drain of the driving transistor. A source of the driving
transistor is connected with a power supply terminal, and the
drain thereof is connected with a first terminal of the
insulation unit. The insulating unit is configured to insulate
an electric connection between the driving transistor and the
electroluminescent device, and a second terminal of the
insulating unit is connected with a first terminal of the
electroluminescent device. A second terminal of the elec-
troluminescent device is connected with a ground terminal.

A detailed structure of the pixel circuit in the present
embodiment may be as illustrated in FI1G. 4 and comprise the
driving transistor DTFT and the storage capacitor C, the
electroluminescent device is an Organic Light-Emitting
Diode OLED, the first switching unit is first switching
transistor T5, the compensating unit is a compensating
transistor T2, and the insulating unit is an insulating tran-
sistor T3. The pixel circuit also comprises the power supply
terminal V,, and the ground terminal Vg A first scan
signal terminal provides a scan signal to turn on or off the
first switching transistor T5 and the compensating transistor
T2, and the data line Data Line writes a data voltage signal
to the pixel circuit through the first switching transistor T5.

A gate of the first switching transistor T5 is connected
with the first scan signal terminal, a source thereof is
connected with the first terminal of the storage capacitor C,,,
and a drain thereof is connected with the Data Line. Under
the control of the scan signal provided from the first scan
signal terminal, the first switching transistor T5 provides the
data voltage signal on the Data Line to the storage capacitor
C,, and the storage capacitor C, holds the same. The second
terminal of the storage capacitor C,, is connected with the
gate of the driving transistor DTFT and a drain of the
compensating transistor T2.

A gate of the compensating transistor T2 is connected
with the first scan signal terminal, and a source thereof is
connected with the drain of the driving transistor DTFT. A
source of the driving transistor DTFT is connected with the
power supply terminal V,,,, and the drain thereof is con-
nected with a source of the insulating transistor T3. Under
the control of the scan signal provided from the first scan
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signal terminal, the compensating transistor T2 is turned on,
and the gate and drain of the driving transistor DTFT are
connected to each other to form a diode-connection, such
that the driving transistor DTFT is ensured to be in a
saturation current zone. Under the driving of the power
supply terminal V,,,, the threshold voltage of the driving
transistor DTFT is stored in the storage capacitor C,, by
charging the storage capacitor C,, with the driving transistor
DTFT, such that the object of compensating the threshold
voltage can be achieved. The driving transistor DTFT is
turned on or off under the control of the voltage stored in the
storage capacitor C,,, such that a current flowing through the
driving transistor DTFT is controlled by the voltage stored
in the storage capacitor C,,.

A gate of the insulating transistor T3 is connected with a
second control signal terminal, a drain thereof is connected
with an anode of the Organic Light-Emitting Diode OLED,
and a cathode of the Organic Light-Emitting Diode OLED
is connected with the ground terminal. Under the control of
a control signal provided from the second control signal
terminal, the insulating transistor T3 is turned on or off. The
insulating transistor T3 is turned off when the data voltage
signal on the Data Line is written into the pixel circuit, so as
to prevent the following problem: if the insulating transistor
T3 is turned on, a current flows through the Organic Light-
Emitting Diode OLED, which may cause the storage capaci-
tor C,, unable to store the threshold voltage of the driving
transistor DTFT and the data voltage, and also may cause
flickering of the Organic Light-Emitting Diode OLED dis-
play.

The pixel circuit according to the present embodiment
may further comprise a second switching transistor T6. A
gate of the second switching transistor T6 is connected with
a first control signal terminal, a source thereof is connected
with the first terminal of the storage capacitor C,,, and a
drain thereof is connected with a reference voltage terminal.
Under the control of a control signal provided from the first
control signal terminal, the second switching transistor T6 is
turned on to provide a potential signal at the reference
voltage terminal to the storage capacitor C,,, in order to
clamp a potential at the gate of the driving transistor DTFT,
which may prevent the potential from being interfered by the
noise and fluctuating.

The pixel circuit according to the present embodiment
may be compatible with a data driving chip of both a voltage
amplitude modulation type and a pulse width modulation
type, and be configured to provide voltage signals required
to the first scan signal terminal, the Data Line, the first
control signal terminal, the second control signal terminal
and the like.

Another advantage of the pixel circuit according to the
present embodiment is the application of transistors with a
single channel type, that is, all of the transistors are P
channel type transistors, so that a complication of the
manufacture process and its product cost are reduced. Of
course, those skilled in the art also may easily obtain a
circuit in which all of the transistors are N channel type
transistors or CMOS (Complementary Metal Oxide Semi-
conductor) transistors based on the pixel circuit provided by
the present embodiment. Also, the present embodiment is
applicable to a common-anode Organic Light-Emitting
Diode OLED display and is not limited to the common-
cathode Organic Light-Emitting Diode OLED display, and
its details are omitted herein.

According to the embodiments of the present disclosure,
there is further provided a driving method for driving the
above described pixel circuit, and its driving timing chart is
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as illustrated in FIG. 5. In the driving timing chart, changes
in a scan signal voltage G(n) at the first scan signal terminal,
a data voltage V,,,, on the Data Line, a control signal
voltage CTR(n) at the first control signal terminal and a
control signal voltage EM(n) at the second control signal
terminal in a frame of operation timing are shown. The
storage capacitor C,, is needed to be discharged before the
data voltage signal is written into the pixel circuit so as to
eliminate an affect caused by data from a previous frame,
and this period is a timing period t;. The driving method
mostly comprises two stages, that is, a stage for compen-
sating the threshold voltage of the driving transistor DTFT
(namely a timing period t,) and a stage for driving and
displaying (namely timing periods t; and t,), and the writing
of data is completed in the stage for compensating.

In the stage for compensating the threshold voltage of the
driving transistor DTFT, the compensating transistor T2 and
the driving transistor DTFT pre-store the threshold voltage
of the driving transistor DTFT and the data voltage V ,,,, on
the Data Line in the storage capacitor C,, under the control
of multi-level voltage signals. In the stage for driving and
displaying, the storage capacitor C, holds the threshold
voltage and the data voltage V., to be unchanged. There-
after, the respective timing periods would be described in
details in connection with FIGS. 6-9, respectively.

Resetting Timing Period t,

An equivalent circuit diagram in this timing period is as
illustrated in FIG. 6. During this timing period, the scan
signal voltage G(n) at the first scan signal terminal and the
control signal voltage EM(n) at the second control signal
terminal are at the low level, the first switching transistor T5,
the insulating transistor T3 and the compensating transistor
T2 are turned on, the control signal voltage CTR(n) at the
first control signal terminal is at the high level, the second
switching transistor T6 is turned off, the gate and drain of the
driving transistor DTFT are connected to each other to form
a diode connection, and the storage capacitor C,, is dis-
charged through the compensating transistor T2. This timing
period is a resetting stage for eliminating residual voltage
signals from the previous stage.

Compensating Timing Period t,

An equivalent circuit diagram in this timing period is as
illustrated in FIG. 7. In this timing period, the Organic
Light-Emitting Diode OLED is in a turn-off state, and an
initial voltage being equal to the threshold voltage of the
Organic Light-Emitting Diode OLED approximately and the
data voltage V,,, on the Data Line are pre-stored in the
storage capacitor C,,. Particularly, the scan signal voltage
G(n) at the first scan signal terminal remains the low level
to be unchanged when the data voltage V ,,,, is written into
the pixel circuit, so that the switching transistor and the
compensating transistor T2 are in the turn-on state; the
control signal voltage CTR(n) at the first control signal
terminal remains the high level to be unchanged, the control
signal voltage EM(n) at the second control signal terminal
jumps to the high level, and the insulating transistor T3 is
turned off. Because the driving transistor DTFT is in the
diode-connection, it can be ensured that the driving transis-
tor DTFT operates in the current saturation zone, the power
supply terminal V,,, provides a stable driving current to
charge the storage capacitor C,, through the driving transis-
tor DTFT, until a potential at a node g rises up to V,,—
IV 4l, where V,, , is the threshold voltage of the driving
transistor DTFT. At this time, the driving transistor DTFT is
turned off, the voltage signal on the data line is V ,,, in this
stage, and thus a voltage across the storage capacitor C,, is
Vor=Vud =V 4., In addition, since the second switching
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transistor T6 is in the turn-off state, a reference potential
cannot reach the first terminal of the storage capacitor.

Insulating Timing Period t;

An equivalent circuit diagram in this timing period is as
illustrated in FIG. 8. In this timing period, the control signal
voltage CTR(n) at the first control signal terminal and the
control signal voltage EM(n) at the second control signal
terminal remain to be unchanged, the scan signal voltage
G(n) at the first scan signal terminal jumps to the high level,
the first switching transistor T5 and the compensating tran-
sistor T2 are turned off. Although the driving transistor
DTFT is not in the diode-connection, the potentials at the
respective nodes are held to be unchanged. This timing
period is an insulating stage for preventing noises from
being inputted when the signals jump simultaneously. It
should be noted that the insulating timing period t; is only
a preferred implementation of the embodiments of the
present disclosure, and also may be completed in a following
timing period t,.

Driving and Displaying Timing Period t,

An equivalent circuit diagram in this timing period is as
illustrated in FIG. 9. In this timing period, the Organic
Light-Emitting Diode OLED is in the ON state, the voltage
stored in the storage capacitor C,, drives the Organic Light-
Emitting Diode OLED to display. In particular, the scan
signal voltage G(n) at the first scan signal terminal remains
the high level V; and is unchanged, so that the first
switching transistor T5 and the compensating transistor T2
are in the turn-off state. The control signal voltage CTR(n)
at the first control signal terminal jumps to the low level
V s, the control signal voltage EM(n) at the second control
signal terminal jumps to the low level, so that the insulating
transistor T3 and the second switching transistor T6 are in
the turn-on state. Therefore, the potential at node m jumps
to a potential V, ; and the Organic Light-Emitting Diode
OLED is in the ON state. Since the gate of the driving
transistor DTFT is floating, therefore a potential at the gate
of the driving transistor DTFT jumps to V,=V,,=IV,, I+
Vo~V saza correspondingly; and a gate-source voltage of the
driving transistor DTFT is V=V -V =V, ,—(V 5=V, 1+
VooV aara) ™V 15:d Y daza=V o At this time, the driving tran-
sistor DTFT is in the saturation state and provides a stable
driving current to the Organic Light-Emitting Diode OLED.
The driving current of the Organic Light-Emitting Diode
OLED is | oled:K(ng_ |Vthd| )2:K(| Vthdl +Vdata _Vref_
V,d 2:K(Vdam—V,ef)2, where K is a constant associated
with processes and the driving design. It can be seen from
above that the driving current I ,,, is independent of the
threshold voltage of the driving transistor DTFT, thus the
shift of the threshold voltage of the driving transistor DTFT
would not affect the drain current (that is, the driving current
1,04 of the pixel circuit).

Embodiment 2

According to the present disclosure, a touch control
circuit is further integrated into the pixel circuit perfectively.
On the basis of the pixel circuit according to the Embodi-
ment 1, FIG. 10 illustrates a pixel circuit according to the
present embodiment, which further comprises a touch con-
trol circuit integrated into the above pixel circuit, besides the
Organic Light-Emitting Diode OLED, the driving transistor
DTFT, the first switching transistor T5, the compensating
transistor T2, the insulating transistor T3, the second switch-
ing transistor T6 and the storage capacitor C,,. The touch
control circuit comprises a charging transistor T4, a coupling
capacitor Cp, a Sensing electrode, an amplifying transistor
ATFT and a third switching transistor T1.
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A gate of the charging transistor T4 is connected with a
third control signal terminal, a source thereof is connected
with the second terminal of the storage capacitor C,, and a
drain thereof is connected with a first terminal of the
coupling capacitor C,, the Sensing electrode and a gate of
the amplifying transistor ATFT. Under the control of a
control signal provided from the third control signal termi-
nal, the charging transistor T4 is turned on, and the coupling
capacitor C,, is provided with the driving voltage and hold
the same while the power supply terminal V,,, charges the
storage capacitor C,,. A second terminal of the coupling
capacitor C, is connected with the first control signal ter-
minal.

A source of the amplifying transistor ATFT is connected
with the power supply terminal V,,,, and a drain thereof is
connected with a source of the third switching transistor T1.
The amplifying transistor ATFT is mainly used to amplify a
touch signal generated by a finger. A gate of the third
switching transistor T1 is connected with the second scan
signal terminal, and a drain thereof is connected with the
—Sensing line. Under the control of the control signal
provided from the second scan signal terminal, the third
switching transistor T1 is turned on to transfer the amplified
touch signal to the Sensing line. A touch information can be
obtained by detecting changes in the signal on the Sensing
line.

The third control signal terminal described above may be
the first scan signal terminal in order to simplify the process
and reduce the cost. The coupling capacitor C, in the touch
control circuit is charged by multiplexing the scan signal in
the pixel circuit, so that the integration of the touch control
circuit into the pixel circuit is achieved perfectly without
adding complexity to the circuit structure and its operation.
Meanwhile, with the data driving chip of the pixel circuit
according to the present embodiment, no specified control
signal driver is needed to be configured for the touch control
circuit, which can simplify the circuit structure and the
processes.

According to the present embodiment, there is further
provided a driving method for driving the above pixel
circuit, and its driving timing chart is as illustrated in FIG.
11. In the driving timing chart, changes in a scan signal
voltage G(n) at the first scan signal terminal, a scan signal
voltage G(n+2) at the second scan signal terminal, a data
voltage V,,,, on the Data Line, a control signal voltage
CTR(n) at the first control signal terminal and a control
signal voltage EM(n) at the second control signal terminal in
a frame of operation timing are shown. Thereafter, the
respective timing periods would be described in details in
connection with FIGS. 12-16, respectively.

Resetting Timing Period t,

An equivalent circuit diagram in this timing period is as
illustrated in FIG. 12. During this timing period, the scan
signal voltage G(n) at the first scan signal terminal and the
control signal voltage EM(n) at the second control signal
terminal are at the low level, the first switching transistor T5,
the insulating transistor T3, the compensating transistor T2
and the charging transistor T4 are turned on. The control
signal voltage CTR(n) at the first control signal terminal and
the scan signal voltage G(n+2) at the second scan signal
terminal are at the high level, the second switching transistor
T6 and the third switching transistor T1 are turned off. The
gate and drain of the driving transistor DTFT are connected
to each other to form a diode connection. The storage
capacitor C,, is discharged through the compensating tran-
sistor T2, the coupling capacitor C, is discharged through
the charging transistor T4 and the compensating transistor
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T2, the potential at the node p is V 5. This timing period is
a resetting stage for eliminating residual voltage signals
from the previous stage.

Compensating Timing Period t,

An equivalent circuit diagram in this timing period is as
illustrated in FIG. 13. In this timing period, the Organic
Light-Emitting Diode OLED is in a OFF state, and an initial
voltage being equal to the threshold voltage of the driving
transistor DTFT approximately and the data voltage V ,,,, on
the Data Line are pre-stored in the storage capacitor C,,, and
meanwhile the coupling capacitor C, is charged. Particu-
larly, the scan signal voltage G(n) at the first scan signal
terminal remains the low level to be unchanged when the
data voltage V ,,,, is written into the pixel circuit, so that the
first switching transistor T5 and the compensating transistor
T2 are in the turn-on state. The control signal voltage
CTR(n) at the first control signal terminal and the scan signal
voltage G(n+2) at the second scan signal terminal remain at
the high level to be unchanged, the control signal voltage
EM(n) at the second control signal terminal jumps to the
high level, and the insulating transistor T3 is turned off.
Because the driving transistor DTFT is in the diode-con-
nection, it is ensured that the driving transistor DTFT
operates in the current saturation zone, the power supply
terminal V,, charges the storage capacitor C, through the
driving transistor DTFT until the potential at the node g rises
up to V5=V, the potential at the node p is also charged
to Vpp=IV,,l, where V,,, is the threshold voltage of the
driving transistor DTFT, and at this time the driving tran-
sistor DTFT is turned off. A voltage across the storage
capacitor C,, is V55—V~ V 4., because the voltage signal
on the data line is V,,,, in this stage. A voltage across the
coupling capacitor C, is V55—V, 1=V 5. Since the insu-
lating transistor T3 is in the turn-off state, the Organic
Light-Emitting Diode OLED is in the OFF state, which
prevents the current from flowing through the Organic
Light-Emitting Diode OLED and causing an incorrect dis-
play.

Insulating Timing Period t;

An equivalent circuit diagram in this ting period is as
illustrated in FIG. 14. In this timing period, the control
signal voltage CTR(n) at the first control signal terminal and
the control signal voltage EM(n) at the second control signal
terminal remain to be unchanged, the scan signal voltage
G(n) at the first scan signal terminal jumps to the high level,
the first switching transistor T5 and the compensating tran-
sistor T2 are turned off. Although the driving transistor
DTFT is not in the diode-connection, the potentials at the
respective nodes are held to be unchanged. This timing
period is an insulating stage for preventing noises from
being inputted when the signals jump simultaneously. It
should be noted that the insulating timing period t; is only
a preferred implementation of the embodiments of the
present disclosure, and also may be completed in a following
timing period t,.

Driving and Displaying Timing Period t,

An equivalent circuit diagram in this timing period is as
illustrated in FIG. 15. In this timing period, the Organic
Light-Emitting Diode OLED is in the ON state, the voltage
stored in the storage capacitor C,, drives the Organic Light-
Emitting Diode OLED to display, and the potential at the
gate of the amplifying transistor ATFT reflects the touch
information. In particular, the scan signal voltage G(n) at the
first scan signal terminal remains the high level and is
unchanged, so that the first switching transistor T5, the
compensating transistor T2 and the charging transistor T4
are in the turn-off state. The scan signal voltage G(n+2) at
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the second scan signal terminal also remains the high level
and is unchanged, so that the third switching transistor T1 is
in the turn-off state. The control signal voltage CTR(n) at the
first control signal terminal jumps to the low level, so that
the second switching transistor T6 is in the turn-on state, the
potential at node m jumps to the low level V. The control
signal voltage EM(n) at the second control signal terminal
jumps to the low level, the insulating transistor T3 is in the
turn-on state, and the Organic Light-Emitting Diode OLED
is in the ON state. The gate of the driving transistor DTFT
is floating, therefore a potential at the gate of the driving
transistor DTFT jumps to V=V 5=V, A+V, ~V 4, cor-
respondingly; and a gate-source voltage of the driving
transistor DTFT is V=V -V =V, ~(V55-IV, 4V~
V 0tV 1l +V gaa=V ,op At this time, the driving transistor
DTFT is in the saturation state and provides a stable driving
current to the Organic Light-Emitting Diode OLED, and the
driving current of the Organic Light-Emitting Diode OLED
is Lotead™K(V 5=V il PRIV +V daza VoA Vandl K
(Vdam—V,ef)z, where K is a constant associated with pro-
cesses and the driving design. It can be seen from above that
the driving current I, , is independent of the threshold
voltage of the driving transistor DTFT, thus the shift in the
threshold voltage of the driving transistor DTFT would not
affect the drain current (that is, the driving current I ,, , of the
pixel circuit). Meanwhile, the power supple voltage (V, or
V) has no influence on the above current formula of the
pixel circuit, therefore an influence on the light-emitting
current caused by internal resistances is eliminated, so that
the display of the Organic Light-Emitting Diode OLED is
stable and a display quality is enhanced greatly.

Because the control signal voltage CTR(n) at the first
control signal terminal jumps to the low level, the potential
at the gate of the amplifying transistor ATFT is also pulled
down from V-1V, | through the coupling capacitor Cp.
Detailed pulling-down processes are as follows. If a finger’s
touch occurs, an induction capacitor C is formed between
the Sensing electrode and the finger, therefore the potential
at the gate of the amplifying transistor ATFT is [V -
IV dl =V 2=V o )IXC H/ (C p+C ). While if no finger’s touch
occurs, the potential at the gate of the amplifying transistor
ATFTis V-1V, A =(V gV g1 ). Because the third switch-
ing transistor T1 is in the turn-off state during this stage, the
drain of the amplifying transistor ATFT is open and no
current flows.

Touch Judging Timing Period t;

An equivalent circuit diagram in this timing period is as
illustrated in FIG. 16. During this timing period, the scan
signal voltage G(n+2) at the second scan signal terminal
jumps downwards, the third switching transistor T1 is in the
turn-on state, the scan signal voltage G(n) at the first scan
signal terminal, the control signal voltage CTR(n) at the first
control signal terminal and the control signal voltage EM(n)
at the second control signal terminal are remained and
unchanged.

If the finger’s touch occurs, the gate-source voltage V,, of
the amplifying transistor ATFT is:

Vg = Vs = Vg = Vpp = [Vop — | Vi | +(Ve, = Ver)] X C/(Cp, + Cr)

= (| Ving | +Vey —Var + Vop XCF/CP)XCP/(CP + CF).
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Therefore a sensing current flowing through the Sensing line
is:

L = Ka(Vig = | Vipa P = Ka(Vig — | Vi |

2
= Kal(| Vina | + Ve = Var + Vpp X CE/ICp) X Cp(Cp + Cp) = | Vipa 175

where V,,; is the threshold voltage of the driving transistor,
V418 a threshold voltage of the amplifying transistor ATFT;
and K, is a constant associated with the process and design
for the amplifying transistor ATFT.

If no finger’s touch occurs, the gate-source voltage V,, of
the amplifying transistor ATFT is:

Vg = Vs = Vg = Vpp = [Vop — | Vi | =V = V)]

= | Vina | +Ven — Vor;
and the sensing current flowing through the Sensing line is:

I = Ka(Veg = | Vi ¥ = Ka(Vig — | Viga D*

= Kol | Vina | + (Vo = Vor) — | Vina 1%

Therefore, it can judge whether the finger’s touch occurs
only by detecting the current in the Sensing line, and a
current difference caused by the touch may be referred to
L erise-zine 10 FIG. 11.

With the above stages, the driving for one row of pixels
to emit light and judging for the touch are completed without
adding complexity to the circuit structure and its operation,
therefore an integration of the touch control circuit into the
pixel circuit is achieved perfectly.

Embodiment 3

In the present embodiment, there is provided a display
device comprising the above pixel circuit. More particularly,
the display device comprises an array with a plurality of
pixel units each corresponding to any one pixel circuit
described in the above embodiments. The pixel circuit
compensates the shift in the threshold voltage of the driving
transistor and enables the display of the Organic Light-
Emitting Diode to be stable and have no flickers, so that the
display quality of the organic light-emitting display device
is ensured. Meanwhile, the touch control circuit in the
embodiments of the present disclosure multiplexes the scan
signal of the pixel circuit, and the coupling capacitor in the
touch control circuit is charged through the charging tran-
sistor while the storage capacitor is charged, therefore an
integration of the touch control circuit into the pixel circuit
is achieved perfectly. The integration of the display function
and the touch control function is completed only by one
process, instead of being completed by two processes,
therefore not only it has an advantage of low cost, but also
it simplifies the process and make the display device be
lighter and thinner

The embodiments of the present disclosure are only for
illustration, and are not intended to limit the present disclo-
sure. Modifications and variations may be made by those
skilled in the art to the embodiments of the present disclo-
sure, without departing from the spirit and scope of the
present disclosure. All of the equivalent solutions are
intended to be included within the scope of the following
claims.
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What is claimed is:

1. A pixel circuit comprising an electroluminescent
device, a driving transistor, a first switching unit, a com-
pensating unit, an insulating unit, a storage capacitor, and a
touch control circuit;

the first switching unit is configured to control writing of
a data voltage on a data line, a first terminal of the first
switching unit is connected with a first terminal of the
storage capacitor, and a second terminal thereof is
connected with the data line;

a second terminal of the storage capacitor is connected
with a gate of the driving transistor and a first terminal
of the compensating unit;

the compensating unit is configured to pre-store a thresh-
old voltage of the driving transistor into the storage
capacitor, and a second terminal of the compensating
unit is connected with a drain of the driving transistor;

a source of the driving transistor is connected with a
power supply terminal, and the drain thereof is con-
nected with a first terminal of the insulation unit;

the insulating unit is configured to insulate an electric
connection between the driving transistor and the elec-
troluminescent device, and a second terminal of the
insulating unit is connected with a first terminal of the
electroluminescent device; and

a second terminal of the electroluminescent device is
connected with a ground terminal;

the touch control circuit comprises a charging transistor,
a coupling capacitor, a sensing electrode, an amplifying
transistor, a third switching transistor, a second scan
signal terminal and a sensing line;

a gate of the charging transistor is connected with a
third control signal terminal, a source thereof is
connected with the second terminal of the storage
capacitor, and a drain thereof is connected with a first
terminal of the coupling capacitor, the sensing elec-
trode and a gate of the amplifying transistor;

a second terminal of the coupling capacitor is con-
nected with a first control signal terminal;

a source of the amplifying transistor is connected with
the power supply terminal, and a drain thereof is
connected with a source of the third switching tran-
sistor; and

a gate of the third switching transistor is connected with
the second scan signal terminal, and a drain thereof is
connected with the sensing line.

2. The pixel circuit of claim 1, wherein the electrolumi-
nescent device is an Organic Light-Emitting Diode, the first
switching unit is a first switching transistor, the compensat-
ing unit is a compensating transistor, and the insulating unit
is an insulating transistor;

a gate of the first switching transistor is connected with a
first scan signal terminal, a source thereof is connected
with the first terminal of the storage capacitor, and a
drain thereof is connected with the data line;

the second terminal of the storage capacitor is connected
with the gate of the driving transistor and a drain of the
compensating transistor;

a gate of the compensating transistor is connected with the
first scan signal terminal, and a source thereof is
connected with the drain of the driving transistor;

the source of the driving transistor is connected with the
power supply terminal, and the drain thereof is con-
nected with a source of the insulating transistor;

a gate of the insulating transistor is connected with a
second control signal terminal, and a drain thereof is
connected with an anode of the organic light-emitting
diode; and

5

10

15

20

25

35

40

45

50

55

60

65

14

a cathode of the organic light-emitting diode is connected
with the ground terminal.

3. The pixel circuit of claim 2, further comprising a
second switching transistor; a gate of the second switching
transistor is connected with the first control signal terminal,
a source thereof is connected with the first terminal of the
storage capacitor, and a drain thereof is connected with a
reference voltage terminal.

4. The pixel circuit of claim 2, wherein the third control
signal terminal is the first scan signal terminal.

5. A driving method for the pixel circuit of claim 4,
comprising steps of:

S1, applying a scan signal at the first scan signal terminal
to turn on the first switching transistor, the compensat-
ing transistor and the charging transistor, applying
control signals at the first control signal terminal and
the second control signal terminal to turn off the second
switching transistor and the insulating transistor, so that
athreshold voltage of the driving transistor and the data
voltage on the data line are written into the storage
capacitor, and charging, by the power supply terminal,
the coupling capacitor through the driving transistor
and the charging transistor; and

S2, applying a scan signal at the first scan signal terminal
to turn off the first switching transistor, the compen-
sating transistor and the charging transistor, applying
control signals at the first control signal terminal and
the second control signal terminal to turn on the second
switching transistor and the insulating transistor, driv-
ing the organic light-emitting diode to emit light by
using the voltages stored in the storage capacitor,
applying a scan signal at the second scan signal termi-
nal to turn on the third switching transistor, and moni-
toring changes in a current on the sensing line.

6. The driving method for the pixel circuit of claim 5,
wherein the pixel circuit further comprises a second switch-
ing transistor; a gate of the second switching transistor is
connected with the first control signal terminal, a source
thereof is connected with the first terminal of the storage
capacitor, and a drain thereof is connected with a reference
voltage terminal, before the step S1, the driving method
further comprises:

applying a scan signal at the first scan signal terminal and
applying a control signal at the second control signal
terminal to turn on the first switching transistor, the
compensating transistor, the insulating transistor and
the charging transistor, applying a control signal at the
first control signal terminal and applying a scan signal
at the second scan signal terminal to turn off the second
switching transistor and the third switching transistor,
and resetting the storage capacitor and the coupling
capacitor.

7. The pixel circuit of claim 2, wherein each of the

transistors has a same channel type.

8. A display device comprising the pixel circuit of claim
1.

9. The display device of claim 8, wherein the electrolu-
minescent device is an Organic Light-Emitting Diode, the
first switching unit is a first switching transistor, the com-
pensating unit is a compensating transistor, and the insulat-
ing unit is an insulating transistor;

a gate of the first switching transistor is connected with a
first scan signal terminal, a source thereof is connected
with the first terminal of the storage capacitor, and a
drain thereof is connected with the data line;
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the second terminal of the storage capacitor is connected
with the gate of the driving transistor and a drain of the
compensating transistor;

a gate of the compensating transistor is connected with the
first scan signal terminal, and a source thereof is
connected with the drain of the driving transistor;

the source of the driving transistor is connected with the
power supply terminal, and the drain thereof is con-
nected with a source of the insulating transistor;

a gate of the insulating transistor is connected with a
second control signal terminal, and a drain thereof is
connected with an anode of the organic light-emitting
diode; and

a cathode of the organic light-emitting diode is connected
with the ground terminal.

10. The display device of claim 9, further comprising a
second switching transistor; a gate of the second switching
transistor is connected with the first control signal terminal,
a source thereof is connected with the first terminal of the
storage capacitor, and a drain thereof is connected with a
reference voltage terminal.

11. The display device of claim 9, wherein the third
control signal terminal is the first scan signal terminal.

12. The display device of claim 9, wherein each of the
transistors has a same channel type.
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